The compositions of colophony resins obtained from Pinus brutia Ten trees by three different methods (acid paste, carved hole and scraping) from Ayvacık, Gökova and Kemalpaşa in Turkey were analyzed by capillary GC-MS. The main components were the monoterpenes α-pinene, β-pinene, and Δ 3 -carene, and the diterpenic resin acids palustric, abietic, kaur-9(11)-16-en-18oic and neoabietic acid. The synthetic colophony resins exhibited similar contents to those of the natural resins obtained from the Gökova and Kemalpaşa regions of Turkey. However, colophony resins from Ayvacık exhibited only half the diterpenic acid content as those of the Gökova and Kemalpaşa resins. Out of the three techniques, the carved hole method caused rather different percentages in the constituents of the essential oils.
Colophony (rosin) is composed of about 50-70% of resin acids. The oleoresins that exude from the trees are viscous solutions of mono-and diterpenoid types of compounds. Evaporation of the volatile monoterpene fractions of the resins results in colophony [1, 2] . Pine colophony contains mostly diterpene acids and monoterpenes. Colophony is used in a wide range of products extending from the chemical to the medical and cosmetic industries [2] . Colophony is also used in adhesive compositions, in antifouling paints, in coatings, and in dry toners [1] [2] [3] . It finds a wide variety of applications, such as a sizing agent in papermaking, modifiers and anti-corrosives for plastics, and rubber or paper sizes. Polyoxyphenylene-based polymer compounds containing rosin esters exhibit good heat, melt fluidity and molding properties. The characterization of natural resins from different sources [4] and identification of diterpenes in canvas painting varnishes have been reported [5] .
In this study, the composition was investigated of Turkish colophony obtained from Pinus brutia, growing in different regions of Turkey, using three different methods, and was compared with that of synthetic colophony. The resins were obtained from three different regions of Turkey by applying the acid paste, carved hole and scraping methods.
Using the acid paste method, the main monoterpene constituents of colophony from the Ayvacık (Çanakkale) region were α-pinene (20.5%), limonene (10.5%), linalyl acetate (7.6%), β-pinene (5.3%) and Δ 3 -carene (4.7%). The main diterpenoids were palustric acid (12.9%), abietic acid (8.7%), kaur-9(11),16-dien-18-oic acid (4.7%) and neoabietic acid (1.3%). With the carved hole method, the amount of α-pinene went up to 40.8% of the colophony resin (Table 1 ). On the other hand, the total diterpenic acid content decreased to 20.3%. With the scraping method, the colophony resin constituents were more or less similar in content to those using the acid paste method ( Table 1) .
No distinct difference, either qualitative or quantitative, was observed between the colophony resins obtained from the Gökova (Muğla) region using the three methods. The α-pinene contents of the resins were 22.9%, 18.8% and 22.6% for the acid paste, carved hole and scraping methods, respectively. The other monoterpene constituents are listed in Table 1 . However, in contrast to the monoterpene constituents, the Gökova colophony resin was found to be rich in diterpenic acids compared with that of the Ayvacık region. The diterpenic acid constituents obtained by the acid paste method were assigned as palustric acid (19.5%), abietic acid (24.5%) and kaur-9(11),16-dien-18-oic acid (11.4%), whereas the percentages of these acids were 21.6%, 9.1% and 20.4%, respectively, in the resin obtained by the carved hole method. However, in addition to these diterpenoids, neoabietic acid was obtained as the dominant constituent by the carved hole and scraping methods ( Table 1) . As a result, the colophony resins from Gökova were found to be rich in diterpene acids, which form 55.4%, 62.4% and 51.0% of the total resin recovered by the acid paste, carved hole and scraping methods, respectively. In contrast to the typical essential oil or extract of the species, the colophony resins have a higher percentage of diterpenic acids [7, 8] (Table 1 ).
In terms of monoterpene composition, Kemalpaşa colophony resins were found to be more or less similar to those obtained from the Gökova region. The main monoterpenes were α-pinene, Δ 3 -carene, β-pinene and limonene ( Table 1) . As observed for the colophony from Gökova, Kemalpaşa colophony was also rich in diterpenic acids, with contents of 64.9% and 52.3% by the acid paste and scraping methods, respectively. The carved hole method resulted in a lesser diterpene percentage (21.9%) ( Table 1) .
Analysis of synthetic colophony resins showed that the main constituents were abietic acid (25.9%), palustric acid (19.8%), kaur-9(11)-16-dien-18-oic acid (7.2%) and neoabietic acid (3.8%). Monoterpenes were the main components identified by GC-MS analysis of the turpentine, which consisted of α-pinene (30.5%), bornylene (13.5%), Δ 3 -carene (12.3%), camphene (8.9%), γ-terpinene (7.1%), limonene (4.6%), borneol (4.3%) and β-fenchol (3.1%). On the other hand, resin acids were not observed.
According to the results of this study, it can be stated that the synthetic colophony resin composition is similar to that of natural colophony resins obtained from the Gökova and Kemalpaşa regions of Turkey. However, Gökova and Kemalpaşa resins have twice the Colophony resins obtained from Pinus brutia Natural Product Communications Vol. 5 (11) 2010 1731 content of resin acids compared with the Ayvacık colophony resin. Nevertheless, all the resins, including the synthetic ones, were rich in diterpenes, but, depending on the technique used, some differences were observed in the compositions of the essential oils, particularly for the resins of Ayvacık and Kemalpaşa obtained using the carved hole technique.
α-Pinene was the main monoterpene constituent of all the colophonies, as well as of the turpentine. However, in the case of the synthetic colophony, limonene was the main monoterpene. In fact, limonene exhibited variable percentages in each colophony, reaching the highest percentage in the Ayvacik region, which, however, showed a poor profile in resin acids, being opposite to the profiles of the other colophonies. As expected, turpentine differed from all the investigated colophonies, lacking diterpene acids, but including some monoterpene alcohols, esters and sesquiterpenes besides a high content of monoterpene hydrocarbons, such as α-pinene (30.5%), bornylene (13.5%), limonene (12.3%) and camphene (8.9%).
It can be concluded that the three techniques that were applied to obtain natural colophony from pine trees did not cause any decrease in the total amount of their essential oils. However, the compositions of the oils were different with some abnormalities, observed when the carved hole technique was used. Interestingly, the percentage of α-pinene was too high in the resin obtained by the carved hole technique in the Ayvacık and Kemalpaşa colophonies compared to the other two techniques used. However, the results showed that the differences were more region dependent rather than technique dependent, except for some of the constituents mentioned above.
